Introduction: The occupational toxic risks from agricultural activities in El Salvador affect human and environmental health. The objective of this paper is to describe the management of pesticide by farmers confirmed with a chronic kidney disease of uncertain etiology (CKDu) not associated to diabetes mellitus or hypertension. Methods: The study involved 42 male patients older than 18 years old with confirmed CKDu that have participated in different stages of pesticides management. This is a cross-sectional study; it was conducted from January to June 2011, in three communities of Bajo Lempa region, El Salvador. An interview was especially designed to investigate which pesticides were used and the farmer practices at different stages of pesticide use. Statistical descriptive analysis was carried out for the several studied variables. Results: All interviewed people had a direct relationship with agricultural activities. The majority of patients had poor education, 19% were illiterate and 55% only have primary education. Most farmers with CKDu had been exposed more than 10 years to hazardous pesticides. The most used pesticide was Hedonal/2, 4 D (100%). 95% interviewed patients mixed different pesticides and 63% dumped empty pesticide containers in the fields. Interviewees did not use appropriate personal protective equipment (100%). Conclusions: There is high use of hazardous pesticides by patients and some of these are banned and some are legal in El Salvador, but prohibited by other countries. Interviewed CKDu patients had high exposure to toxic pesticides due to the misuse in almost all stages. There is inadequate legislation and a poor law enforcement to prevent the misuse of pesticides in El Salvador.
Introduction
The global use of pesticides generates substantial negative health impacts in all parts of the world, although the exact toll is difficult to determine due to both the variety of chemicals, and the types of exposure [1] . The World Health Organization (WHO) has established hazard category for pesticides: Ia Extremely Hazardous, Ib Highly Hazardous, II Moderately Hazardous, III Slightly hazardous, and U Unlikely hazardous (WHO 2009) [2] . Toxicity effects can be divided broadly into two categories: acute effects, which appear immediately or shortly after exposure; and chronic effects, which may manifest many years later and their etiology origins are often difficult to trace [3] . A higher proportion of pesticide poisonings and deaths occur in developing countries where there are inadequate occupational safety standards, lack of use of protective clothing and low number or absence of hygienic and clean facilities, insufficient enforcement, poor labeling of pesticides, illiteracy, and insufficient knowledge of pesticide hazards [4] . Pesticide management by farmers can be described and classified in different stages: purchasing and selection, transportation, storing, formulation, application and disposal of residues and wastes. Several studies have identified various hazards derived from pesticide mismanagement at these stages [5] [6] , especially in developing countries [7] [8] .
Central America is a region that imports more tons of pesticides in the world [9] . In this region it is estimated that around 400,000 people may suffer a symptomatic episode of pesticide poisoning each year [10] . The Ministry of Health of El Salvador reported 9981 acute poisonings between 2007 and 2012 [11] . In 2005-2010, El Salvador imported almost 16 million kg of pesticides, with an increase of 171% over the period [12] . According to the Ministry of Agriculture and Livestock of El Salvador, in 2012, 109 different types of insecticides and 68 different types of herbicides were sold [13] . Paraquat is the most sold pesticide in El Salvador [14] and it has been banned since 2009 by European Union [15] . El Salvador signed and accepted the Rotterdam Convention [16] . This convention is a multilateral treaty to promote shared responsibilities in relation to the import of hazardous chemicals. However, as it will be discussed later on, many pesticides included in the Rotterdam Convention are still in use in El Salvador.
A Chronic Kidney Disease of uncertain etiology (CKDu) not associated to diabetes mellitus or hypertension and recognized as Tubulointerstitial Chronic Kidney Disease of Central America by the Central American Integration System in the declaration of San Salvador [17] affects agricultural communities of El Salvador in endemic and epidemic proportions, particularly male farmers and also affects women and adolescents with lower frequency [18] - [20] . Studies carried out within NEFROLEMPA project observed a high prevalence of CKDu in the population of Bajo Lempa [21] . According recent publications, CKDu could be related to working conditions, such as intense use of pesticides, high ambient temperatures and intense physical activity with suboptimal hydration, among others [18] - [20] .
The Bajo Lempa is a region located in the eastern coastal plain of El Salvador, in the south side of the departments of Usulután and San Vicente (Figure 1 ). This region expands along Lempa River delta plain, between the Salvadoran Pacific Coastline and the Littoral highway. The Lempa River is the longest in Central America and its basin extends throughout Salvadoran territory but also drains parts of Honduras and Guatemala. Most of the area of the Lempa River basin is agricultural land and this basin drains the waters from the most important populated areas of El Salvador and several industrial areas. The Bajo Lempa region is one of the most important agricultural areas of El Salvador; this area presents high fertility soils due to the nutrients brought by frequent floods [22] [23] . This region is characterized by high poverty rate [24] . The social vulnerability of the population is incremented because they have been affected by several disastrous floods during the last 20 years like the floods produced by Hurricane Mitch or the Storm Ida [25] . Moreover, the basic services of these communities are only partially provided, for example, the drinking water network was installed only ten years ago.
Bajo Lempa is a region with important environmental resources. This region has the largest area of brackish and saltwater forests in El Salvador; these wetlands are a Ramsar site and Biosphere Reserve by UNESCO. Other environmentally significant area is the Nancuchiname forest, one of the few surviving lowland tropical forest in the country [26] . Since the last decade of XX century, the soil use of Bajo Lempa is mainly family farming, large-scale agriculture, diary production and marine shrimp cultivation. The family farming (corn, sorghum, vegetables, beans and other crops) is the main livelihood, as well as other activities as small family business [25] . The large scale agriculture is focused mainly on sugar cane and corn cropping managed by communal cooperative organizations. The present paper was developed within the framework of the NEFRO-LEMPA study. The purpose of this research is to describe the toxic risks in the work place which patients with CKDu have been exposed and studied.
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2. Methods
Study Area and Population Selected
This is a cross-sectional study, it was conducted from January to June 2011, in Nueva Esperanza, Ciudad Romero and Octavio Ortiz communities of Bajo Lempa region, which belongs to Jiquilisco municipality, department of Usulután, El Salvador. These three communities are characterized by important agricultural activity, mainly agriculture subsistence as corn, beans and orchards, and production of sugarcane in cooperatives. According NEFROLEMPA study [21] these communities present 320, 403 and 155 inhabitants respectively. The study involved 42 male patients older than18 years with confirmed CKDu, considering that they are farmers and they have participated in different stages of pesticides management: purchasing and selection, transportation, storing, formulation, application and disposal of residues and wastes. Women were not including in this study because they generally dedicate their time to housework. This population was taken from NEFRO-LEMPA Study 2009 that identified 54.7% confirmed with CKDu (Overall = 76; Male = 51; Female = 25) [20] .
Survey Design
The survey was based on the United States Environmental Protection Agency's questions related to safe pesticide use [27] and on surveys used in similar published studies [5] [28] . An interview of 45 minutes was conducted for each patient of the study. All participants considered in the research conducted within the NEF-ROLEMPA project, included the participants of this study gave their written informed consent after hearing the project objectives [21] . Some questions included in the survey were not relevant for the proposed objectives and are not contained in this paper. All questions were closed questions in a multiple choice format, in this way, respondents only had to choose the appropriate answer. Some questions demanded multiple answers. This study does not contain clinical studies or patient data.
The survey contained three sections. The first one was demographic section, which contained questions regarding time of residence in the community, age, marital status and education level. The second section of the survey consisted in questions related to pesticide practices. These questions include: number of years of pesticide use, what are the names of the most common pesticides purchased and if safe data sheets (SDS) were provided. The questions related to pesticides mobilization ask about how the products are transported from the shop to the storage place. In the section related to pesticides storage, the farmers were asked if they stored the pesticides outside or inside their homes, about storage conditions and if pesticides are stored in a restricted place out of reach of children and animals. Regarding the stages of formulation, the questions included the place where the pesticide were stored, who carried out this operations, and if they mixed different pesticides and their identification. Patients were interviewed about application and disposal of empty containers and pesticides solutions. Finally, interviewees were asked if they used Personal Protective Equipment (PPE), and about the composition of this equipment.
Data Analysis
The survey data were analyzed statistically using Microsoft Excel TM software (Version 2007). First of all it summarized responses overall populations (we calculated frequencies for the responses, percentage for categorical variables). Averages for age and education were calculated. Mean differences were declared significant at the 95% confidence level. After interviews, a checkup was performed to corroborate data provided by interviewees. This verification consisted in field visits and home visits to observe pesticides storage and checking the way they handled pesticides in stages of formulation, application and waste disposal.
Results
Interviewees were between 18 and 84 years old and around half answers (54%) were obtained between 45 to 70 years old. The average age was 53 years old. According to educational level, 19% are illiterate and around half (55%) only have primary education (elementary school), and could be classified as semi-illiterate with poor reading skills. In addition to practicing agriculture, all interviewees also practiced other subsistence activities such as shoemaking, masonry and trading.
Purchasing, buying and pesticide management was made by almost all the interviewees themselves (98%); according field investigations, these pesticides were usually bought in a small shop close to the communities and in wholesale farmer stores in Jiquilisco and Usulután. Few interviewees did not receive SDS at the moment of buying (17%). Most common pesticides used were the following herbicides: Hedonal/2,4D (100%), Paraquat/Gramoxone (97.6%) and Glyphosate/Roundup (73.8%). The most used pesticide families were: Phenoxyacetic Acid Group (100%), Bipyridyl (97.6%) and Organophosphate (81%). Table 1 shows the list of used pesticides by the interviewed farmers, the observed proportion of their use, their chemical name, the chemical family which belong, the WHO classification of each pesticide by their hazard effects and some examples of adverse effects reported in the scientific literature.
Almost of all farmers transport pesticides themselves (98%) and used the original container (98%). Around half interviewed population transports them by truck or pick up (59%), by bus (49%), on foot (46%) or some by bike (27%). The means of transportation depend on the proximity of the shop, and the farmers storage place. The majority of the surveyed people (66%) transported pesticides with other people, food and/or animals.
The majority of the patients stored pesticides in the living areas (74%). Farmers keep pesticides in their original containers (94%) and did not restrict the access to the storage areas (97%). In a few cases, they stored pesticides inside their home in unsafe places such as kitchen and bedrooms (10%) and the rest stored them outside their home, in shelves and cabinets located at the porch, latrines and trees, or directly on the floor of their garden/backyard. According to the field visits, these locations are accessible to children, livestock (hens and pigs) and pets. Most of the storing places are closer to the domestic well located in the garden/backyard.
Almost all interviewees carry out the preparation in the working areas (crop fields). Mixing different pesticides is a common practice in this region (95%). Almost all (95%) have applied pesticides. From these farmers only 40% continued applying pesticides nowadays. The pesticides are applied using a backpack sprayer, composed by a deposit of 17 L capacity, a hand-operated pump, a pressure vessel, a hose and a spray lance with cut-off valve (100%). Few farmers also apply them manually (5%).
A good proportion of interviewees (50%) normally apply the leftover solution over a non-cropped area close to their crops. Some farmers re-spray the treated crop until the spraying tank is empty (23%) or they store the leftover solution for another application (20%) and few farmers (15%) release the solution directly to the floor in their working area or combine different release options. The majority of the interviewees (63%) dump empty containers in the field. Some farmers (28%) burn containers in open fires and few (10%) bury them. Deltamethrine: (1) Endocrine System Damage [32] (2) Effects in aquatic fauna [38] Monarca (a) II 4.7
Cyfluthrin:
(1) Adversely effects to the lungs, nerve system, brain, skin and eyes [39] and induced kidney damage [40] (2)Adversely effects to birds [41] Hedonal (1) Endocrine cancers, damage in renal function [42] (2) Adversely effects to fish [43] Imidacloprid (a)
(1) Acute toxicity is related to respiratory failure and reduced level of consciousness [44] (2) Adversely effects to non-target invertebrates [45] Roundup Farmers do not wear PPE properly for preventing intoxications during preparation of solutions, mixing and application of pesticides (100%). However they wear clothes and devices as preventive measures for avoiding intoxication but usually this gear is not the recommended by the label or Safe Data Sheet (SDS). As it is shown in Figure 3 farmers wore boots (30%), some wore trousers and long-sleeved shirt (23%) and only few wore gloves (10%), facemask (10%) and/or goggles (3%).
For most farmers, workday begins at 5:00 AM ending at 11:00 AM (68%). However some of them worked during the afternoon (38%) as well. This workday is dedicated to different agriculture activities (seed preparation, tilling soil, burning weeds and pesticides application). The majority of surveyed patients apply pesticides 1 -4 times per year (72%), few apply 5 to 8 times (15%) and the rest (13%) apply more than 9 times. Farmers spend an average of 4 hours in pesticide application but this period can be extended some times as long as 12 hours. Figure 4 , farmers are involved in pesticide management during an important period of their lives, 26% have manipulated pesticides between 16 and 20 years, 19% have been exposed from 11 to 15 years, others in a period of 6 -10 years (19%) as well as in a period from 1 to 5 years (17%) and only few farmers have handled pesticides more than 25 years (11%). Finally, some farmers explained that during their working activities, they also have been exposed to aerial pesticide spraying (29%) from 1 to 8 times a year. 
Discussion
Most farmers have been exposed somewhere between 6 to 20 years to Extremely Hazardous pesticides (Grade Ia), Highly Hazardous pesticides (Grade Ib) and Moderately Hazardous pesticides (Grade II). The most hazardous pesticides (Grade Ia and Ib) are classified as organophosphate and as carbamate chemical families. The most used trademarks are the herbicides Hedonal/2,4-D (grade II), Paraquat/Gramoxone (Grade II), Roundup (Grade U), and Batalla (Grade III) and the insecticide Folidol (Grade Ia). All these products are legal in El Salvador. However, Paraquat and Folidolare banned in other parts of the world, such as the European Union [15] . Overall acute poisonings in El Salvador, 22.8% have been caused by Paraquat [11] . There are not restrictions about the other three pesticides (Hedonal/2,4-D, Roundup, and Batalla), but some studies relate several health problems to them. Endocrine related cancers have been associated to Hedonal/2,4-D [42] and several diseases, as Autism and Parkinson's as well as kidney disease have been related to glyphosate, the active ingredient in Roundup and Batalla [46] . The chemical name and the examples will help to understand possible links among the pesticide compounds and their possible acute and chronic effects. It is easy to find in the literature a lot of examples of the acute effects of pesticide poisoning however the papers related to chronic effects are less numerous, especially about the recent pesticides. DDT and Dieldrin are banned in El Salvador; however, according to patient's responses, they claim to use these substances, but this fact could not be verified through field visits. This could imply poor enforcement of the law or that it is possible to have access to these substances through smuggling or by other illegal ways. From the pesticides list, that Rotterdam Convention suggests to ban [16] , El Salvador banned DDT and Dieldrin but has not banned yet other pesticides. The Salvadoran legislation [54] only establishes certain restrictions (for example aerial spraying application is not allowed) for Methyl Parathion and Tamarón/Metamidophos. But nonetheless Folidol/Parathion is still marketed without any restriction [54] .
Generally interviewed farmers are exposed to pesticides in all the different stages of agricultural production. The formulation and application phase, which in general are the most hazardous phases [55] are done 1 to 4 times a year and spends around four hours for each application, which may vary depending on the crop and extension of application area. According to the obtained results, the majority of patients carry out bad practices in all stages of pesticides handling. The educational level is very important during the selection and purchase of pesticides. A research carried out in Brazilian Amazon [28] identifies the problem for reading and understanding labels as a common factor in developing countries and relates it to the low cultural level of the users and the excessive difficulty of understanding the technical language of the labels. The interviewed population is not an exception, around half population is semi-illiterate with poor reading skills and 19% are illiteracy. There are a significant percentage of cases where the pesticide dealers do not provide SDS to farmers. Generally, these sheets provide insight into the use recommendations across standardized diagrams in a user-friendly manner. In some countries there is a legal requirement that implies that each product should to be supplied with a SDS [56] but Salvadoran law does not compel the proportion of this material at the time of product sale.
The mobilization of pesticides in crowded buses or pick-ups extends the exposure of these products to other people and animals. Buses and pick-ups in most developing countries are the main means of transportation in rural areas. This type of transport is used not only to carry people but also to supply goods to the communities [57] .
Incorrect pesticides storage at home exposes the farmer and his family, as well as livestock and pets. The amounts of these pesticides are usually not very large because farmers usually store at home the products used on the family orchards. However, these represent an important risk because pesticides are accessible to children. This exposure would be much longer if it is considered the leftover solution storage. This storage also poses the environment at risk because of its proximity of domestic wells and latrines in most dwellings. This exposure may be higher because the Bajo Lempa region has shallow water table and because it is very vulnerable to flooding due to increased flow in the Lempa River during the rainy season [58] .
Formulation stage is carried out in crop fields, this minimized exposition farmer's family. Interviewed patients mix different types of pesticides without knowing their compatibility, creating compounds that are unknown and with health implications not accurately known yet [59] [60] . Several international institutions recommend mixing pesticides only chemically and physically compatibles [61] .
The hand-operated pump with a spray lance used by the surveyed farmers is exposes them more than the application using other methods like mechanical pumps on tractors [62] . The identified disposal practices of pesticide leftover solution and waste are very pollutant and dangerous for the environment. The reapplication of waste solutions, by most farmers, folds the recommended dose and often results in damage to crops, leaving residues in harvested products and/or harmful residues in the soil [5] . The observed final disposal of the empty containers also represents a potential risk for the environment; these unsafe practices (disposal in the field, burning in open fires or burying) are reported as a major problem in a number of studies [63] .
Most of patients are not putting any PPE in the application and formulation stages. The use of PPE usually minimizes the absorption of pesticides through the skin, inhalation or ingestion [64] [65] . The lack of PPE use is probably one of the major causes of exposure to pesticides by the farmers. The climate of the area influences the use of PPE because this gear is uncomfortable in tropical temperatures. The use of protection gear also can be related with the education level [66] . In general, these results are consistent with studies carried out in other countries [67] , especially in developing countries [7] .
The results obtained in this study could be representative patterns of agricultural pesticide management by similar population in the other rural communities in Bajo Lempa, and, in general, for other areas of El Salvador. According to Encuesta de Hogares de Propósitos Multiples 2012 (Survey of Homes with Multiple Purposes 2012) [69] . Salvadoran rural areas present a 43.3% of inhabitants under the poverty threshold and 19.9% are illiterate. This implies a situation of high social vulnerability similar to the studied communities.
The effects of the misuse of pesticides may be related to poisonings identified in rural areas and to environmental pollution. According to the Ministry of Health of El Salvador, 75.5% of the acute poisonings have occurred in rural areas between 2000 and 2012 [11] . Poisonings related to the misuse of pesticides carried out by farmers has been identified in farmers' families, including children [70] . In Bajo Lempa region the impact of the pesticides in the environment has been detected in Jiquilisco Bay, in the Ramsar site close to the studied communities [71] and in the Estero de Jaltepeque [72] . A polluted environment enlarges the exposition of pesticides to farming population. Some pesticides are persistent in the environment and are bioacumulable, and some pesticides, as DDT, create toxics products resulting from their breakdown, too. The ingestion of pesticides through digestive system by polluted drink water and food (fish, meat, vegetables, milk) or through respiratory system from aerosols and dust produces acute and chronic non-occupational poisonings.
The important exposure of the Bajo Lempa farmers to highly toxic pesticides could also be related to possible risk factors for chronic diseases as the CKDu that present all interviewees but, at the moment, the causes of this type of Chronic Kidney Disease have not yet been determined. Published research about this illness in El Salvador [18] - [20] [73] only determine the risk factors related to exposure to pesticides compounded by inadequate working conditions (dehydration, heat stress) because these are only cross-sectional analytical epidemiological studies. Today, there are not yet published cohort studies to evaluate the time of induction of this disease taking into account these risk factors. However, in El Salvador, this type of Chronic Kidney Disease has been described in reports of the National Hospitals since the 90's [74] .
The bad practices in all stages of handling pesticides dramatically increase occupational, non-occupational and environmental exposure to pesticides. These bad practices are related with lack of information and lack of technical training of farmers on the proper use of these substances. This situation is consistent with other studies carried out in developing countries [62] - [68] .
In El Salvador, it is necessary an effort to apply the law to control the use of banned pesticides, as it has been done in other countries [75] . Also it is important to recognize the extent of the problem and issue a law to in-corporate a prohibition to import and use several pesticides that are banned internationally and enforce the application of the law. Initiatives to raise the awareness of farmers of the potential hazards of pesticide use and the proper management of these products could be similar to those proposed by the guidelines developed by the United States Environmental Protection Agency [76] . In the EPA guidelines, each state in the USA carries out a training and certification program that limits the use of restricted pesticides to individuals successfully completing a certification course. The government and the pesticide producers also have to promote initiatives to prevent inappropriate final disposal of leftover pesticide solutions, waste and empty containers.
The results show in this study just represent a part of the population exposed to hazardous of pesticides. The exposure of pesticide in El Salvador is a complex problem which aftermath are evidenced in the high number of acute poisoning reported by Ministry of Health of El Salvador [11] and with a possible link as a causal factor of CKDu [17] [77] . Specific experiments with animals and the combination of pesticides that people have been using in Bajo Lempa should be done. Those experiments could provide information about the mechanisms of occurrence of the disease and which pesticides are more toxic to the kidney. Finally, it is also necessary to carry out a study that involves the population in general and also represents the non-occupational risk derivate from the intensive use of pesticides in the region to address in a complete way this health problem.
Conclusions
The patients in this study have been exposed for more than 10 years to highly hazardous pesticides. Some of these pesticides are banned and some are legal but prohibited by other countries or international conventions due its high toxicity to human health and the environment. Farmers with CKDu have had high exposure to toxic pesticides due to the misuse in almost all stages of pesticide management. This exposure has to be added to the intrinsic exposure that implies the proper use of pesticides.
The mismanagement of pesticides by patients, especially in the storage stage, also implies a remarkable nonoccupational risk, especially among children. The inappropriate pesticide waste disposal is an important environmental pollution source. The high exposition produced by the large use of hazardous pesticides and their misuse in all the stages of their management by farmers with CKDu in Bajo Lempa region evidence the importance of implementing educational programs focused to prevent the occupational toxics risk in agricultural communities. Also these results show that in El Salvador there is incomplete legislation and a poor law enforcement to prevent the misuse of pesticides.
The information obtained in this study has been useful for Ministry of Health of El Salvador for carry out educational programs focused to prevent the occupational risk on agricultural populations, as well as tools that are useful in decision making for regulating and/or prohibiting the use of highly hazardous pesticides in El Salvador.
